The C.B-17 severe combined immunodeficient (SCID) mouse, described by Bosma et al. (1), has no Peyer's patches (PP) or solitary follicles in the intestinal tract, relatively empty splenic follicles and lymph nodes, and no functional B or T cells. However, . it does have a normal complement of APC, macrophages, and NK cells, and therefore constitutes a unique model to investigate viral pathogenesis in the absence of specific immune mechanisms .
GEORGE ET AL.
BRIEF DEFINITIVE REPORT for all mouse pathogens, including viruses, and were given autoclaved food and water ad libitum. BALB/c mice were obtained from The Jackson Laboratory (Bar Harbor, ME). Viruses. Reovirus serotype 1/L and type 3, clone 9 (3c9; reference 6), were initially obtained from B. N. Fields (Harvard Medical School, Boston, MA). A third passage stock of virus was purified as described (7) , except that cells were disrupted by sonication, instead of homogenizations.
Antireovirus Antibody and Immunoperoxidate Assay. The antireovirus antibody used in these experiments has been previously described (3, 8) . Viral antigen (Ag) was localized in tissue sections by the biotin-avidin immunoperoxidase technique (3) , and sections were examined for Ag-positive cells by light microscopy.
Immunization and Cell Transfer. Adult, 8-10-wk-old BALB/c mice were primed intraduodenally with 3 x 107 PFU of reovirus types 1/L or 3c9 1 wk before cell transfers, as described (9) . Primed mice were kept physically isolated from all other experimental and stock mice. Immune and nonimmune PP cells were isolated as described (10) , and the viability of cells was determined by trypan blue exclusion (routinely >98% viable). The required number ofcells was transferred intravenously into SCID mice in 0.2 ml ofRPMI 1640 (Gibco Laboratories, Grand Island, NY) .
Collection of Tissues, Titration of Virus, and Histology. Blood and bile, collected as described (11), were diluted 1 :4 in gel saline and stored at -70°C until titered . Mice were killed by cervical dislocation, and organs were collected for analysis of virus content and histology. Processing tissues for routine and immunohistochemical analysis was as described (3) . The intestinal lumen was flushed with 1.0 ml of gel saline. Portions of intestine, lung, liver, kidney, spleen, and brain were suspended in 1.0 ml of gel saline . All samples were frozen and thawed three times and then disrupted by ultrasound (Ultrasonic 250 ; Branson Cleaning Equipment Co., Shellon, CT) . Virus present in the tissues was assayed on L cell monolayers (3), and the titers were expressed as PFU per milliliter fluid or per gram tissue, as estimated by the method of Lowry et al. (12) , using a BSA standard.
Results and Discussion
Reovirus Infection Causes Liver Damage and Death in SCID Mice . C.B-17 SCID mice were infected orally with 105 or 108 PFU of reovirus types 1/L or 3c9 . Groups of five mice were infected with each serotype of virus at each dose, killed 2 wk after infection, and portions of organs were examined for pathological lesions and virus content . Another group of 17 mice was infected with 108 PFU of reovirus type 1/L, and tissue specimens from five mice each were obtained 4 and 5 wk after infection for pathology. The remaining mice were dead by 6 wk (data not shown).
With hematoxylin and eosin staining, only the liver showed lesions . The lesions were similar at 2-5 wk after infection with both doses ofvirus and both serotypes, and the number of lesions increased over time. The lesions ranged from hepatocyte swelling with loss ofcytoplasmic basophilia, to frank eosinophilic bodies with pyknotic nuclei . There were also infiltrates ofmononuclear and polymorphonuclear cells, and areas of coagulation necrosis rimmed by an inflammatory infiltrate (Fig. 1, A and B). No preferential lobular distribution of the lesions was observed.
The presence of viral Ag was largely restricted to hepatocytes . Antigen-positive hepatocytes were seen at margins of areas of necrosis (Fig. 1, C and D) , as well as in areas of inflammation with little or no necrosis, and were associated with inflammatory lesions at 2 wk. However, at 4 wk, positive cells were also found in areas without necrosis or inflammation, and they appeared to correspond, at least in part, to cells with cytoplasmic swelling and loss of basophilia . Scattered sinusoidal lining cells, including Kupffer cells, typically adjacent to areas of necrosis, were also positive. No staining of bile duct epithelium was detected . In organs other than liver, . Arrows point to representative reovirus antigen-containing hepatocytes (C andD) . Specificity controls for the reagents involved staining tissues from infected mice with the second antibody and avidin-peroxidase, and staining tissues from uninfected mice with all three reagents . The controls were consistently negative (data not shown) .
reovirus Ag was detected rarely in crypt epithelial cells and Purkinje cells. The pathological picture was similar in type 1/L-and type 3c9-infected mice (type 3 data not shown) .
Spread of Virus to Distal Organs. Adult SLID mice were infected by the oral route as above. 2 wk after infection, bile, blood, intestinal segments, and systemic organs were assayed for the presence of infectious virus. The results are shown in Fig. 2 . High titers of virus were recovered from samples of all tissues examined, and titers obtained with both serotypes and both virus doses were comparable (high dose data not shown) .
The entry of reovirus through intestinal mucosa is known to be mediated by M cells in immunocompetent mice (2) . The SLID mouse has no identifiable PP-like structures, but PPs do develop in the mice after syngeneic bone marrow reconstitution (1). Our studies show that reovirus can penetrate the mucosa of SCID mice and spread to distal organs . Therefore, it is possible that M cells are present in the gut of SCID mice in the absence of visible PPs. Our results differ from those obtained in immunocompetent mice, where both reovirus types 1 and 3 could penetrate the intestinal mucosa, but only type 1, or reassortant strains carrying the Sl segment of type 1, could spread to distal organs (13) . Although lesions were restricted to the liver, infectious virus was recovered from all tissues examined. Therefore, in other organs, the number of cells with replicating virus may be small. Alternatively, many cells may produce quantities of viral Ag too small to be detected by immunoperoxidase staining . The restriction of virusinduced lesions to the liver may be either due to : (a) Kupffer cell clearance of virus, with continual exposure of hepatocytes to high doses of virus; or (b) the potential of hepatocytes in damaged liver to undergo proliferation and differentiation, which may provide a unique cellular environment that favors viral replication .
PP Cellsfrom Immunocompetent Congenic Mice Can Prevent Viral Spread andLiver Disease in SCIDS 1.5 x 10 7 PP cells from reovirus-immune or naive congenic BALB/c mice were transferred intravenously into SCID mice 48 h before oral challenge with 10$ PFU of the homologous virus. The mice were killed 2 wk later, and tissues were examined for the presence of infectious virus and lesions. No virus was recovered from any tissue of any mouse, and no pathological lesions were observed in any tissue. Nonimmune PP cells were equally effective. These observations suggested the transferred nonimmune cells are primed by the challenge dose of virus and then clear the infection within 2 wk .
A specific protective effect with cells from immune mice was demonstrated when tissues were harvested 1 wk after virus challenge. In contrast to results obtained at 2 wk, PP cells from nonimmune mice could not prevent dissemination of the infection . The containment and resolution of viral infection by immune cells was cell dose dependent, and complete protection was seen with the transfer of 1.5 x 10 1 cells, a number typically obtained from the PP of a single mouse (Fig . 3) . Transfer of 5 x 106 immune PP cells partially contained the infection, while 106 cells had little effect .
These experiments show that reovirus causes a lethal infection in adult SCID mice, with obvious pathological changes restricted to the liver. Neither macrophages nor NK cells in the SCID mice can contain or eliminate the infection, and prevent death. Thus, it is likely that clearance of virus and pathological lesions in SCID mice may depend on lymphocytes in the transferred PP population . The SCID mouse infected with reovirus should allow an assessment of the contribution of different components of a specific immune response to viral clearance, and may provide generally 
